Introduction
============

It is preferred that most abdominal surgeries in cattle be performed in the standing position because of the side effects from general anesthesia and recumbency. In several anesthetic techniques for flank surgery of standing cattle, segmental dorsolumbar epidural anesthesia is performed to desensitize a number of nerve roots by a single injection. This produces a belt of anesthesia around the animal\'s trunk while maintaining control of the limbs \[[@B9]\].

However, the technique induces a wide individual variation in analgesia, which may be the result of differences in the distribution of the solution injected into the epidural space \[[@B4]\]. This variation may be caused by many influencing factors when using this technique for flank analgesia of cattle. The epidural fat and the negative epidural pressure, especially, may influence the spread of solution and affect the pharmacokinetics of drugs injected into the dorsolumbar epidural space \[[@B4],[@B6],[@B7],[@B8]\]. Therefore, the method was modified to minimize the effects of epidural pressure and epidural fat and is now considered a useful anesthetic technique for flank laparotomy in standing cattle \[[@B5]\].

Dorsolumbar epidural anesthesia has been considered to be the most technically challenging spinal nerve block to perform, although in expert hands it can be the most effective \[[@B2],[@B3]\]. In the authors\' opinion, the fact that the needle needs to be inserted about 8 cm in order to enter into the epidural space, which is above the spinal cord, may make one fearful and hesitant to use this anesthetic method as a first choice for flank surgery of cattle. So, in this study, we examined whether or not it is difficult for beginners to learn and use the modified dorsolumbar epidural anesthesia of cattle in the veterinary medical teaching hospital.

Materials and Methods
=====================

Thirty Holstein cattle (between one to 9 years of age) that were scheduled for euthanasia from March 2002 to August 2003 were used in this study. Study protocol and experimental design were approved by the Obihiro University of Agriculture and Veterinary Medicine Laboratory Animal Care and Use Committee.

The animal\'s body weight (BW) was measured and its body condition score (BCS) was determined on a five-point scale (1, Emaciated; 2, Thin; 3, Average; 4, Fat and 5, Obese) with increments of 0.25 for scores between 2.25 and 4.00 \[[@B1]\]. Animals ≥2 years old and with BW \>400 kg, were assigned to the adult group (age, 4.4 ± 2.0 years; BW, 562 ± 88 kg; BCS, 2.75 ± 0.39). In each adult animal, 5 ml of 0.12% new methylene blue (NMB) in 0.9% saline was injected into the first interlumbar (L1-L2) epidural space. Cattle \<2 years old and with a BW \<400 kg were assigned to the young group (age 1.2 ± 0.3 years; BW 275 ± 86 kg; BCS, 2.88 ± 0.44), and in this group 1 ml NMB/100 kg of BW was administered. The NMB solutions were prepared as reported previously \[[@B4]\].

As beginners, four fifth-year students of the School of Veterinary Medicine participated in this study. They listened to a one hour lecture given by one author (IL) on the modified dorsolumbar epidural anesthesia procedure, including basic anatomy and skills. Then, they randomly administered NMB solution under the supervision of the authors.

After skin preparation and local anesthesia, a 16 G, 120 mm Hakko disposable epidural needle (Tuohy needle; Hakko Medical, Japan) was inserted into the first interlumbar space using a dorsal midline approach. When the needle tip reached the ligamentum flavum, the stylet was removed and saline was added to the hub of the needle. The needle was then slowly inserted into the epidural space. The entrance into the epidural space was identified by the hanging drop technique, and air was then allowed to enter freely for about one minute to decrease the effect of the negative epidural pressure, and then the epidural needle was slowly inserted about 1 cm deeper to penetrate the epidural fat. The insertion of the needle was stopped if the cattle showed any sign of discomfort, such as a sudden movement or \'dipping\' of the back \[[@B5]\]. After confirming that there was no blood or cerebrospinal fluid (CSF) present in the aspirate, NMB solution was administered at a rate of 0.5 ml/second with the needle bevel directed cranially, and the needle was then removed. The distance from the skin to the epidural space and the depth of the injection were determined as described \[[@B8]\]. Between thirty to sixty minutes after the injection, the cattle were euthanatized with intravenous pentobarbital sodium (25 mg/kg) and exsanguination.

The vertebral column, from the level of the middle thoracic to the lumbar vertebrae, was removed, and the dorsal arch of each vertebra was dissected. The site of penetration of the ligamentum flavum was confirmed, and any deviation from the midline was recorded. The extent of cranial and caudal migration of the dye within the epidural space from the injection site was measured by examining stained epidural fat and the dura mater on the left and right sides. The dura mater was bisected longitudinally to determine whether the dura mater had been penetrated. The number of stained vertebrae was counted as in a previous study \[[@B4]\].

Descriptive statistics (mean ± SD) was applied to the two groups. A Mann-Whitney test was used to compare the extent of migration between cranial and caudal direction and/or two types within the same group and between the two groups. A value of *p* \< 0.05 was considered significant.

Results
=======

Each student had at least seven chances to inject the NMB solution. After the first experience of epidural injection, each student performed the procedure without additional support. The epidural injection was successfully performed at all 30 cattle without problems.

The distance from the skin to the epidural space and the depth of the injection of the adult group \[82 ± 5 (range: 70\~91) and 91 ± 6 (80\~103) mm\] were significantly greater than those of the young group \[57 ± 8 (50\~73) and 65 ± 9 (57\~83) mm\] (*p* \< 0.001), respectively. The penetration sites of the ligamentum flavum were within 5 mm of the midline. There was no difference between the left and right deviation of the young group \[4 ± 1 (n = 4) and 3 ± 1 mm (n = 4)\] and/or those of the adult group \[3 ± 1 (n = 14) and 2 ± 1 mm (n = 8)\].

There were two types of distribution; the first one was distribution between the periosteum and the epidural fat (BPF), the other one was between the epidural fat and the dura mater (BFD) ([Table 1](#T1){ref-type="table"}). In the young group, the NMB solution distributed as BPF type in one half (n = 4) and BFD type in the other half (n = 4) of the cattle. There was no significant difference between the left and right side and/or between the cranial and caudal migration. In the BPF type in the young group, one cow showed only left-sided, and another, only right-sided distribution. In about 60% (13/22) of the adult group, the NMB solution distributed as BFD type. Although there was no one-sided distribution in the BPF type of the adult group, the NMB solution migrated more left cranially than that of the BFD type (*p* \< 0.05). The NMB solution was totally distributed to about three vertebral segments in the both groups, and there was no penetration of the dura mater in the both groups.

Discussion
==========

This study shows that the modified dorsolumbar epidural anesthesia procedure is easy for beginners to learn and perform if they have basic anatomical knowledge and a little experience.

Information on the feeling during penetration of the supraspinous and interspinous ligaments and ligamentum flavum, and on the depth to the epidural space, helped them to perform the insertion procedure into the epidural space with more confidence.

The distance from the skin to the epidural space of adult cattle is about 80 mm with variation from 70 to 91 mm, which is relatively shorter than that (8\~12 cm) in text \[[@B9]\]. This shorter distance might be caused by the technique of the midline needle insertion, and size or breed of cattle \[[@B8]\]. This length is a very important index with regard to the feeling of the resistance of the three ligaments during epidural insertion of the epidural needle. The supraspinous ligament and ligamentum flavum are very resistant to penetration of the needle, but the interspinous ligament has little resistance. Also, midline insertion may make for smaller a deviation than the paramedian approach because the interlumbar space between the first and second lumbar spinous process can be palpated easily and deviation from the vertical line can be checked during the procedure.

However, to beginners, it seemed that deeper insertion of the epidural needle to penetrate the epidural fat after penetration of ligamentum flavum in addition to insertion of the needle into the epidural space was a fearful thing. Every student hesitated to insert the needle at first because they had no experience. In order for beginners to determine the place to stop the needle during deeper insertion, it was important to inform them how to distinguish signs such as a sudden movement or \'dipping\' of the back from the normal defensive behaviors. These signs were taken as an indication that the dura mater had contacted the spinal cord \[[@B7]\]. The absence of being able to discriminate the signs from the normal behaviors of cattle and the fear about inserting the needle into the spinal cord by mistake might cause the beginners to stop too soon, before complete penetration of the epidural fat. The total penetration rate of the epidural fat in the adult group was about 60%. Therefore, the lower rate of success (50%) in the young cattle was considered to be an effect of their being smaller than adult cattle. Although the deviation of the penetration site from the midline is similar to that of the adult, relatively smaller anatomical structures in the vertebra than those of the adult will make a greater difference the distribution of the NMB solution. Two cases of one-sided distribution in the BPF type of the young group could be an example and this distribution may be a cause of unilateral or contralateral analgesia.

The area of segmental anesthesia is a function of total mass (volume × concentration) of drugs injected \[[@B9]\]. If we know the effect of a volume, it will be possible to evaluate the effect of a concentration of the anesthetic. Total distribution of NMB solution in the epidural space was similar to that found in previous studies \[[@B4],[@B7]\]. This distribution means actual distribution of solution after injection into the epidural space. The stained spinal segments in this study were greater than the analgesic area after administration of lidocaine, but smaller than that after xylazine, an α~2~-adrenergic agonist \[[@B5],[@B6]\]. This could be a reflection of different pharmacokinetics of lidocaine and xylazine after epidural administration with the same volume in the epidural space, which is a very hydrophobic condition because the dura mater is surrounded by the epidural fat \[[@B4],[@B6]\].

The object of the modified dorsolumbar epidural anesthesia method is to inject anesthetic solution under the epidural fat and to induce a more reliable and similar analgesia because the epidural fat affects distribution of injected solution and pharmacokinetics and/or pharmacodynamics of anesthetic drug \[[@B6]\]. Sufficient analgesia during flank surgery of cattle is needed for the welfare of the cattle through painless surgery and the prevention of injury to the veterinarian from kicking or struggling cattle. Beginners in this study successfully performed the epidural insertion without problems and the success rate of administration under the epidural fat was 60%. This rate will increase if they master the technique by repeated practice including the ability to discriminate some signs from the normal behaviors of cattle. Therefore, if beginners have the experience of performing deeper epidural insertion without fear, they will gain a most effective anesthesia tool for flank surgery in standing cattle.
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Data expressed as mean ± SD.

T11, T12 and T13: the eleventh, twelveth and thirteenth thoracic vertebra; L2, L3, L4 and L5: the second, third, forth and fifth lumbar vertebra, respectively.

BPF: between the periosteum and the epidural fat; BFD: between the epidural fat and the dura mater.

^\*^*p* \< 0.05 versus BFD type.
